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A new silver ion conducting Polyethylene Oxide (PEO) based solid polymer electrolyte (SPE) films:  (1-x) PEO: xAgCl, 
where 0<x<70 in wt.%, are synthesized by using a new hot-press and traditional solution-cast techniques. The electrical 
conductivity of the SPE increased with the concentration of salt AgCl. The optimum conducting composition (OCC): 
70PEO: 30AgCl with ionic conductivity (σ) 6.0 × 10−7 Scm-1 have been determined at room temperature. The increase in 
ionic conductivity has been explained with the help of ionic mobility (µ) and mobile ion concentration (n) studies. To 
explain the ionic nature of the present system, ionic transference number (tion) measurement has been carried out at room 
temperature. 
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Introduction 
Solid polymer electrolytes with high ionic 
conductivity have been a subject of great interest in 
recent years in the area of polymer research due to 
theoretical interest as well as practical importance 
for the development of all-solid-state mini/micro 
electrochemical power sources viz. rechargeable 
batteries, electro chromic display devices, and fuel cells, 
or super capacitors and other applications1-3. Solid 
Polymer electrolyte (SPE) have been quite attractive 
because this can lead to flexible, compact, laminated 
solid state structure, free from leaks and available in 
different geometries4. Pure Poly ethylene oxide (PEO) 
polymers often exhibit poor electrical conductivity 
(PEO) but it dissolves in high concentrations a wide 
variety of salts to form polymeric electrolytes5-7. 
Recently Park et al. studied the differences between the 
performance parameters for dye-sensitized solar cells 
(DSCs) using liquid and poly (ethylene oxide)-based 
solid polymer electrolytes7. The conductivity of SPE 
film was found to depend upon the concentration and 
particle size of the inert phases8-9. In PEO polymer, 
cations are coordinated with the polymer chain. Physical 
properties can be changed by changing the chemical 
composition. The polymer electrolyte plays a roll of a 
solvent for ions that shows a liquid-like degree of 
freedom10-11. SPE films are usually prepared by the 
traditional ‘solution cast’ technique however in the 
recent years a completely dry procedure known as ‘hot-
press’ technique, has been developed for casting dry 
polymer electrolyte films12-15. Polyethylene oxide (PEO) 
can be complexed with wide variety of ionic salts with 
the only requirement of selecting those having large 
anions and de localized charge, to assure the stability of 
the complex16. The several researches on silver-ion 
polymer electrolytes has been reported, such as poly 
ethylene oxide (PEO) and polyvinyl alcohol (PVA) 
based polymer salt complexes comprising AgCF3SO3, 
AgNO3, AgI,  Ag2O etc
17-19. The present investigation 
reports, synthesis and ion transport studies of a new Ag+ 
ion conducting conduction solid polymer electrolytes 
(SPEs): (1-x) PEO: x AgCl, where 0< x<70 wt.%.  
Experimental 
SPE films of different salt concentrations: (1-x) 
PEO: x AgCl, where 0< x<70 wt.%, have been casted 
—————— 
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using AR grade precursor chemicals: poly (ethylene 
oxide) PEO [105 MW, Sigma Aldrich, USA], AgCl 
[99% purity, AR Himedia, India]. Dry powder of the 
PEO and AgCl in appropriate wt.% ratios was 
physically mixed at room temperature (for ~ 40 min.). 
The homogeneous mixtures were heated separately at 
~70 oC (close to the melting point of PEO) for ~30 
min. With continuous mixing to form soft lump/slurry 
and then pressed (~ 1.25 ton/cm2) between two 
stainless steel (SS) blocks and a thin film of thickness 
~0.017 cm was obtained. The details related to hot 
press casting has been discussed elsewhere in the 
literature20-25. For the sake of comparison, SPE were 
also prepared by using traditional solution-cast 
technique using methanol [SD Fine Chem Ltd., India] 
as a solvent.   
The conductivity (σ) measurement was carried out 
at a fixed AC frequency of 5 kHz on the film samples 
sandwiched between SS electrodes using an LCR 
meter (model: HIOKI 3532-50, Japan). Materials 
characterization has been done with the help of X-ray 
diffraction (XRD) (model: Shimadzu) technique. The 
ionic transference number (tion) and ionic mobility (μ) 
have been determined by using d. c. polarization 
transient ionic current (TIC) techniques26, 27. The 
mobile ion concentration (n) was subsequently 
evaluated from σ and μ data. Activation energy (Ea) of 
SPE has been calculated with the help of temperature 
dependent conductivity studies. 
 
Results and Discussion 
Figure 1 shows the salt concentration dependent 
conductivity studies of SPE films (1-x) PEO: x AgCl, 
where 0< x<70 wt% at room temperature prepared by 
both hot press and solution cast techniques. It is seen 
that the conductivity increased abruptly on initial 
addition of 10 wt. (%) salt in the PEO host initially 
upto x = 30 wt.% for both the hot press and solution 
cast films.  The increase in conductivity is due to the 
increase in mobile ion concentration as a result of 
dissociation of salt in PEO and also increases the 
amorphicity in PEO to some extent. This may be 
increase the ionic mobility and hence, the ionic 
conductivity. The film beyond 30 wt.% of AgCl 
exhibit lower conductivity values. Hence, SPE film 
composition: (70PEO:30AgCl) exhibiting highest 
room temperature conductivity (σ ~ 6.0 × 10−7 Scm-1), 
which is more than two order of magnitude higher 
than that of pure PEO (σ ~ 3.2× 10−9 Scm-1) and this 
has been identified as optimum conducting 
composition (OCC) of SPE film. The pattern of ‘Log 
σ-x’ variations’ for SPE prepared by both the 
techniques appears similar, but the hot press casted 
film shows higher conductivity values at room 
temperature. 
The ionic mobility (μ), mobile ion concentration 
(n) and the ionic transference numbers (tion) have been 
evaluated by d.c. polarization transient ionic current 
(TIC) technique. Figures 2 shows ‘log μ−x’ plots for 
SPE films: (1−x) PEO: x AgCl, where 0< x<70 wt.% 
prepared by both the hot-press and solution-cast 
technique. It is clear from the figure that ionic 
mobility of slightly lower in case of sample prepared 
by the solution-cast method but mobility variations 
 
 
Fig. 1 — ‘Log σ – x’ plot for SPE films: (1-x) PEO: x AgCl, 
where 0 < x < 70 wt.%. Film prepared by: hot-press (●) and 




Fig. 2 — ‘Log μ – x’ plots for SPE films: (1-x) PEO: x AgCl, 
where 0 < x < 70 wt.%. Film prepared by: hot-press (●) and 
solution-cast technique (■). 




are almost identical as well as comparable. The 
increase in ionic mobility is due to the available of 
more conducting paths. Fig. 3 shows ‘log n−x’ plot 
for hot-pressed SPE films: (1−x) PEO: x AgCl, where 
0< x<70 wt.%. It is obvious from the figure that both 
the variations are almost analogous to ‘log σ−x’ plot, 
as shown in Fig. 1. Figures 2 & 3 clearly indicated 
that the overall all increase in ionic conductivity in the 
present SPEs is due to the increase in both ionic 
mobility (μ) and mobile ion concentration (n).  
Figure 4 shows the XRD patterns of pure salt PEO 
and SPE OCC: (70PEO:30AgCl). It can be clearly 
seen from the figure that characteristic peaks of pure 
PEO appeared between 2θ = 15-30o is decreased after 
the addition of salt AgCl. The characteristic peaks of 
pure PEO became relatively less-prominent/ feeble 
and disappear after polymer-salt complexation. This is 
usually attributed to the increase in the degree of 
amorphicity or decrease in degree of crystallinity and 
it is strong evidence of confirmation of polymer-salt 
complexation. The proposed interaction between 
polyethylene oxide (PEO) and AgCl might be 
depicted as Scheme I: 
The solvating heteroatom, here oxygen acts as a 
donor for the Ag+ ions and Cl- ions, generally a large 
dimension stabilizes the PEO-MX complex28. 
The ionic transference number (tion) of SPE OCC 
prepared by both the hot-press and solution-cast 
method have been determined by using ‘current – 
time’ plots, as shown in Fig. 5. tion ~ 0.95 obtained at 
 
 
Fig. 3 — ‘Log n – x’ plot for hot pressed SPE films: (1-x) PEO:




Fig. 4 — XRD Patterns: (a) hot-pressed SPE OCC:
(70PEO:30AgCl) and (b) pure PEO. 
 
 




Fig. 5 — ‘Current vs time’ plots for SPE OCC: (70PEO:30AgCl).
Film prepared by: hot-press (●) and solution-cast technique (■). 




room temperature for both the samples and it is 
clearly indicates that SPE OCC film is purely an ion 
conducting system. Therefore, this can be 
appropriately employed as electrolyte to fabricate thin 
film electrochemical devices viz. batteries, sensors 
etc. The major ion conducting species in this SPE 
OCC are yet to be identified, as both cations & anions 
may be mobile. However, cations: Ag+-ions, being 
relatively smaller in size than anion Cl-. Therefore, 
Ag+-ions are expected to be the main transporting 
ionic species in this SPE material. Table 1 list the 
room temperature values of σ, μ, n and tion for SPE 
OCC film for direct comparison. 
To calculate the activation energy (Ea) of the 
present, temperature dependent ionic conductivity 
measurement of SPE OCC has been carried out. Fig. 6 
shows the ‘log σ-1/T’ plot of hot-pressed SPE OCC: 
(70PEO:30AgCl). The conductivity increased linearly 
with temperature, except for an upward change in the 
slope at ~ 65-70 oC which corresponds to semi-
crystalline to amorphous phase transition temperature 
of PEO. The increase in ionic conductivity with 
temperature can be interpreted as a hoping mechanism 
between coordinating sites, creation of additional 
conducting paths. This can also be explained with the 
help of various proposed theoretical models29, 30. The 
linear portion below the transition temperature can be 
expressed by following Arrhenius equation:  
 
σ (T) = 2.5 × 10-3 exp (-0.49/ kT)    [S.cm-1]       … (1) 
 
where 0.49 is the activation energy (Ea) in (eV). The 
low activation energy (Ea) in the present SPE system 
indicates that this can be used for all-solid-state 
device fabrications.  
 
Conclusions 
A new Ag+ ion conducting solid polymer electrolyte 
(SPE) film: (70PEO:30AgCl) with room temperature 
ionic conductivity (σ ~ 6.0×10−7 Scm-1) has been 
synthesized. This SPE film has been casted by recently 
developed hot press technique. It has been suggested 
that that this technique can be preferred over the 
traditional solution-cast technique. Two orders of 
conductivity enhancement have been achieved in the 
newly synthesized SPE OCC. The conductivity 
enhancement have been explained with the help of  ionic 
mobility and mobile ion concentration studies and the 
overall increase in conductivity is due to the increase in 
both ionic mobility and mobile ion concentration. The 
lower activation energy in the present system indicates 




Authors gratefully acknowledges to CSVTU, 
Bhilai for providing financial assistance through the 
‘collaborative research project TEQIP-III’ 
[CSVTU/CRP/TEQIP-III/81/ 2019]. We also express 
our sincere thanks to Chhattisgarh Council of Science 
and Technology (CCOST), Raipur, Chhattisgarh for 
providing financial assistance through the Mini 
Research Project [No. 2742/CCOST/MRP/2015]. One 
of the co-author (Archana Chandra) thanks to SERB 
DST, New Delhi, for providing financial assistance 
through the research project under ‘women scientist 
scheme-A’ (SR/WOS-A/CS-53/2018)’.  
 
References 
1 Gray F M, Polymer Electrolytes: Fundamentals and 
Technological Applications, (VCH Publishers, New York, 1991). 
Table 1 — Some important ion transport parameters of pure PEO and hot-pressed SPE OCC: (70PEO:30AgCl). 
System Ionic Conductivity 
(Scm-1) 
Ionic mobility 




transference number (tion) 
Activation Energy 
(eV) 
Pure PEO 3.2×10−9 - - - - 














Fig. 6 — ‘Log σ –1/T’ plot for hot-pressed SPE OCC: 
(70PEO:30AgCl). 




2 Zhu  Z, Hong M, Guo D, Shi J, Tao Z & Chen J, J Am Chem 
Soc, 136 (2014) 47. 
3 Grigoriev S A, Kuleshov N V, Grigoriev A S & Millet P,  
J Fuel Cell Sci Tech, 12 (2015) 3.  
4 Jacob M M E, Hackett E & Giannelis E P, J Mater Chem,  
13 (2003) 1. 
5 Fenton D E, Parker J M & Wrigth P V, Polymer, 14 (1973) 589.  
6 Armand M B, Maccallum J R & Vincent C A, Polymer 
Electrolyte Reviews, (Elsevier, London, 1987). 
7 Cho W, Lim J, Kim T Y, Kim Y R, Song D, Park T, Santiago 
F F, Bisquert J & Kang Y S, J Phys Chem C, 120 (2016) 5.  
8 Non C W, Prog Mater Sci, 37 (1993) 1. 
9 Wieczorek W, Raducha D & Zalewska A, J Phys Chem B, 
102 (1998) 8725. 
10 Cheradame H & Niddam-Mereier P, Fara Discuss Chem 
Soc, 88 (1989) 77. 
11 Ratner M A & Shriver D F, Mater Res Soc Bull, 14 (1989) 
39.  
12 Lin D, Liu W, Liu Y, Lee H R, Hsu P C, Liu K & Cui Y, 
Nano Lett, 16 (2016) 1. 
13 Croce F, Appetecchi G B, Persi L & Scrosati B, Nature, 394 
(1998) 456. 
14 Ngai K S, Ramesh S, Ramesh K & Jaun J C, Ionics,  
22 (2016) 1259. 
15 Quartarone E & Mustarelli P, Chem Soc Rev, 40 (2011) 
2025.  
16 Dam T, Karan N K, Thomas R, Pradhan D K & Katiyar R S, 
Ionics, 21 (2015) 401. 
17 Ashrafi R, Sahu D K, Kesharwani P, Ganjir M & Agrawal R C, 
J Non-Crystalline Solids, 391 (2014) 91. 
18 Agrawal R C & Chandra A, J Phys D Appl Phys, 40 (2007) 
7024. 
19 Delaizir  G, Manafi N, Jouan G, Rozier P & Dollé M, Solid 
State Ionics, 207 (2012) 57. 
20 Appetecchi G B, Croce F, Hasson J, Scrosati B, Salomon M 
& Cassel F, J Power Sources, 114 (2003) 105.  
21 Agrawal R C, Chandra A, Bhatt  A & Mahipal Y K, New  
J Phys, 10 (2008) 043023. 
22 Pandey G P, Hashmi S A & Agrawal R C, Solid State Ionics, 
179 (2008) 543. 
23 Agrawal R C, Chandra A, Bhatt  A, Mahipal Y K & Singh A, 
Solid State Ionics: New Materials for Pollution free Energy 
Devices, Chowdari B V R, et al (Eds), Mac-Millan Pub New 
Delhi, (2008) 561. 
24 Chandra A, Indian J Pure Appl Phys, 54 (2016) 583. 
25 Chandra A, Polym Bull, 73 (2016) 2707. 
26 Chandra S, Tolpadi S K & Hashmi S A, Solid State Ionics, 
28-30 (1988) 651. 
27 Watanabe M, Sanui K, Ogata N, Kobayashi T & Ontaki Z,  
J Appl Phys, 75 (1985) 123. 
28 Armand M, Solid State Ionics, 9-10 (1983) 745.  
29 Agrawal R C & Pandey G P, J Phys D Appl Phys, 41 (2008) 
223001. 
30 Chandra A, Chandra A & Dhundhel R S, Indian J Pure Appl 
Phys, 58 (2020) 113. 
 
